Time Domain Model Validation Tests
Model and Experiment Comparison

Introduction
In order to analyze the behavior of various wave-energy extraction devices, a general purpose numerical model has been developed that can be configured to model different design concepts.  Because this model makes a number of simplifying assumptions, it’s important to validate the results of a typical system against experimental results.  This report outlines and compares the numerical and experimental results for a simple case of a floating buoy that supports a submerged heavy plate 30m below the buoy.  The plate and buoy are connected by a hydraulic ram system that behaves like a damped spring element.  To validate the model this system was deployed in Monterey Bay on August 10th and 11th, 2009.  The sea state during the tests and the resulting motions of the system were measured and recorded.  Subsequent to this experiment the numerical model was run using the sea state from the test days as an input and the results compared.  In addition to the at-sea testing, a step response test of the system was peformed in the MBARI test-tank, this tests consisted of dropping the buoy from a small elevation and measuring the resulting tension and elongation step response.  
Experimental Set-Up
The experimental set-up consists of a cylindrical surface float and a submerged element that is connected by a hydraulic ram system that behaves as a spring element.  Figure 1 shows the surface-buoy configuration.  Two different submerged elements were used, a 4’ diameter flat plate and a 28” diameter sphere.  These two elements were used to provide some variation in the device configuration; the numerical model was run in both configurations as well.
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Figure 1:  Surface expression and hydraulic cylinder acting as spring/damper system.  Flat plate or sphere will be connected and submerged at a depth of 30 meters.

The details of the two configurations that were tested are outlined here:

Configuration I

Floating Body: MOOS Buoy

Total Mass: 


2600 lbs (1179.34 kg)

(includes Hydraulic ram, Instruments, Accumulators, Heave Sensor and Bridle assembly) 

Waterline: 4 inches (0.1016 m) above Chine (Location of Origin)
Center of Gravity: [0, 0, -0.63m]
Center of Buoyancy: [0, 0, -0.26m]
Displacement: 1.64 m 3
Moment of Inertia about Origin

I xx = 1998.19 kg.m 2
I yy = 1947.66 kg.m 2
I zz = 466.13 kg.m 2
Tether Point of Attachment: 2.0 m below chine (2.09 m below waterline)

Tether Length =
3.0m (test-tank tests)



20.0m (at-sea tests)

Submerged Body: Flat Circular Plate

Total Mass: 


1297 lbs (588.31 kg)

Radius: 2 ft (0.6096 m)
Thickness: 2.5 inches (0.0635m)

Displacement: 0.074133 m 3
Center of Gravity: [0, 0, 0]
Center of Buoyancy: [0, 0, 0]
Moment of Inertia about Origin

I xx =  55.22 kg.m 2
I yy =  55.26 kg.m 2
I zz = 110.08 kg.m 2
Tether Point of Attachment = (54.25 inches) 1.37795 m above CG of plate 

Configuration II
Floating Body: MOOS Buoy

Total Mass: 


2600 lbs (1179.34 kg)

(includes Hydraulic ram, Instruments, Accumulators, Heave Sensor and Bridle assembly) 

Waterline: 2.25 inches (5.715 cm) above Chine 

Center of Gravity: [0, 0, -0.63m]
Center of Buoyancy: [0, 0, -0.29 m]
Displacement: 1.475 m 3
Moment of Inertia about Origin

I xx = 1998.19 kg.m 2
I yy = 1947.66 kg.m 2
I zz = 466.13 kg.m 2
Tether Point of Attachment: 2.0 m below chine (2.09 m below waterline)

Length of tether: 20m (at-sea tests)

Submerged Body No. 2: Solid Sphere

Total Mass: 


1175 lbs (532.97 kg)

Radius: 14 inches (0.3556 m)
Displacement: 0.0188354 m 3
Center of Gravity: [0, 0, 0]
Center of Buoyancy: [0, 0, 0]
Moment of Inertia about Origin

I xx =  26.958 kg.m 2
I yy =  26.958 kg.m 2

I zz =  26.958 kg.m 2
Tether Point of Attachment = (14 inches) 0.3556 m above CG of sphere

The spring/damper system is constructed from industrial hydraulic components, a 72” long linear ram will provide compliance and be plumbed to a system of accumulators and valves that will provide a spring effect (force proportional to displacement) and a damping effect (force proportional to velocity).  Because it is difficult to construct a linear spring and damper system from these hydraulic components, the actual characteristics of the spring/damper system was measured for inclusion in the numerical model.  
Calibration Information

Numerical Model

The numerical model consists of an equation of motion solver that computes the resulting motion in three dimensions of a collection of floating and submerged bodies that are subject to external forcing such as the forces due to the water and waves, wind, and the forces of tethers and other elements that connect the varies bodies that make up the system.  
Experimental Results
Conclusion
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